| INTRODUCTION 45
Release of hatchery-reared animals is one of the popular tools for fishery management 46 (Laikre, Schwartz, Waples, & Ryman, 2010) and more than 26 billion juveniles of 180 47 performed and figures were created using R statistical software (https://www.r-145 project.org/). All data used for the analyses were included in Supplementary Data 146 excluding easy-accessible NPAFC salmon statistics.
148
The catch of chum salmon in Japan steeply decreased, while the total catch remained 149 high in the North Pacific (Figure 1a) . A significant exponential decline in return rates 150 was found for Hokkaido and Honshu (Figure 1b , = −5.52, = 0.0082; = 151 3.69, = 0.0014, respectively). The exponential rate of decline in Honshu was about 152 twice that in Hokkaido, suggesting that the warming effect was stronger in southern 153 Japan (Table 1) , but there was no significant difference between them, with a combined 154 average of 3.1 ± 0.9% per year (z = 0.983, p = 0.1627). The exponential decay rates of 155 chum salmon were much lower than that of the red sea bream (Kitada et al, 2019) , and 156 of RRS of captive-reared salmonids (Araki, Cooper, & Blouin, 2007) (Table 1) . particularly in Iwate Prefecture in 1996 when the catch in Japan recorded the historical 170 maximum of 81 million (Figure 2) , showing that chum salmon abundance was rich in 171 the cold waters. In contrast, they were very small on the Sea of Japan coast that is 172 affected by the Tsushima warm current and the southern Pacific coast. In 2006, 173 populations in the Pacific coast of Honshu were rapidly decreased. In contrast, 174 decreases in the Pacific coast of Hokkaido were not substantial and even high in the Sea 175 of Okhotsk. However, substantial declines occurred in all areas in 2014, which further 176 shrunk in 2017. On the other hand, numbers of chum salmon released were stable for 177 the two decades in whole Japan (Figure 3 ). The mean body weights of chum salmon 178 returning to Japan have continued to decrease since 2004 ( Figure S3 ). We screened scientific literature, using the Google Scholar online database search 182 system to collect publications using keyword searches of "salmon", "allozyme", "LDH" 183 and "PEPB". Studies known to us were also manually screened. We found studies 184 including gene frequencies of LDH-A1, LDH-B2 and PEPB-1 in the Pacific Rim 185 including whole Japan (Kijima, & Fujio, 1979; Okazaki, 1982) , Russia, Alaska, British 186 Columbia and Washington (Seeb, Crane, & Gates, 1995; Winans, Aebersold, Urawa, & 187 Varnavskaya, 1994) . We organized frequencies of LDH-A1, LDH-B2 and PEPB-1 188 genes and recorded approximate longitudes and latitudes of the sampling sites based on 189 the names of rivers and/or areas and maps of the original studies using Google Maps.
190
Maps were drawn using the sf package and sampling points were located on the maps.
191
The allele frequency for ith sampling point ( ) was visualized by colour gradients in 192 the data range based on: rgb(1 − , , 0, , ), where , = ( , − )/( − ) and b=1.0 for LDH-B2 and PEPB-1, considering the ranges of the gene frequencies. This 195 conversion visualizes the magnitude of the gene frequencies at the sampling point in 196 colours between blue and red on the map.
198
The gene frequencies of 21,911 adult chum salmon from 21 Russian rivers and 81 199 Japanese rivers (including the same rivers analysed in different studies) were organized, 200 and 64 rivers and areas in America (Figure 4 ). The Japanese samples were caught at 201 weirs in enhanced rivers and hatcheries (Kijima & Fujio, 1979; Okazaki, 1982) & Gates, 1995) . The American samples were collected during 1986 and 1994, 208 when the numbers of released chum salmon were low and similar the levels in Russia 209 ( Figure S1a ). It is possible that some hatchery fish were included in the American 210 samples, but the numbers would have been low.
212
In the Russian and American samples, we found a clear geographical cline from south 213 to north in the LDH-A1 gene frequencies, and a negative correlation with latitude ( = 214 −0.44, t = −4.07, df = 71, p = 0.000) (Figure 5a, b ). In the southern samples from 215 Washington and British Columbia, LDH-A1 gene frequencies were close to or exactly 216 1.0, while those from the Alaskan Peninsula were generally <0.95, and <0.8 in Alaska.
217
The outlier (0.63) in American samples was from the almost closed Peterson Lagoon, frequencies of around 0.7-0.9 ( Figure 5a ). Japanese samples exhibited similar variation 220 to the Russian and Alaska ones at higher latitudes. The gene frequency varied largely 221 among the Japanese samples but had a weak and positive correlation with latitude ( = 222 0.27, t = 2.63, df = 89, p = 0.001). Its range corresponded to the range of the gene 223 frequencies in Russia, Alaska and Canada (Figure 5a respectively. All species had much higher athletic performance for jumping and 261 upstreaming than Japanese chum salmon even in the stronger streams. average SST for spring and summer and total catch was significant ( = −0.55, t = 286 −3.03, df = 21, p = 0.006), suggesting that the chum salmon decline was caused by 287 reduced survival rates of juvenile stages in coastal waters from spring to summer with 288 warming SST. Natural selection on released fish that are used for broodstock may be 289 responsible for the lower exponential decay rate of chum salmon than that of the red sea (Table 1) . In contrast, a model-based prediction indicated that global warming given in Supplementary Data. Data from the original study (Kijima, & Fujio, 1979; 585 Okazaki, 1982; Winans, Aebersold, Urawa, & Varnavskaya,1994; Seeb, Crane, & 586 Gates, 1995). 
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Figure Legends
